Scientific relevance:
Introduction 1 2
Fats and oils are among the main components of organic matter in wastewater (Saatci 3 et al., 2001 ) and solid wastes, especially those produced by the food industry (Galli et al., Among the available technologies to recycle organic solid wastes, composting is often 10 presented as a low-technology and low-investment process to convert organic solid wastes to 11 a soil amendment known as compost. Composting is a biotechnological process by which 12 different microbial communities initially biodegrade organic matter into simpler nutrients 13 and, in a second stage, form complex organic macromolecules such as humic acids (Hsu and 14 Lo, 1999). The composting process is characterized by the rapid development of thermophilic 15 temperatures due to the heat generation in the first degradation stage in which a significant 16 pathogen content reduction is also achieved. Composting is an aerobic microbial process that 17 requires optimal moisture and porosity (Haug, 1993) . Temperature, oxygen and moisture 
21
References can be found in literature regarding the composting of fat-enriched wastes.
22
Special attention has been given to wastes derived from the olive oil industry (Albuquerque et However, references to the degradation of fats of animal origin or organic matrices with high 31 fat content (over 15%) are scarce.
32
Composting of fats is inherently difficult due to their nutrients deficiency, with 33 especially low nitrogen and phosphorous content relative to high carbon content (Sasaki et al., 34 2003). This fact usually implies the utilization of a co-substrate to compensate the C/N ratio 35 of the initial mixture and to act as inoculum. Different types of sludge, due to their typical low Our previous work (Gea et al., 2007a) showed that animal fat could be successfully 1 composted with sludge at high ratios to obtain a stable and sanitized product. Composting of 2 mixtures with a fat content of up to 50% was possible although a maximum content of 30% 3 was recommended to obtain high fat degradation (85%) and to avoid excessively long 4 composting periods. In addition, this work displayed the importance of bulking agent 5 selection.
6
The main objective of the present work is to study the biodegradation of animal fats 7 present in a high proportion in a composting process at laboratory scale with digested sewage 8 sludge used as co-substrate and to determine the influence of the strategy used for composting 9 (static or dynamic). The effects of initial adjustment of AFP are also studied. Chemical and 10 physical properties of the materials were monitored during the process, also the lipolytic 11 activity and the respiration index were used to measure the biological activity. 17 18 Animal fat (Trg Debo Fancy, KAO Corporation S.A., Spain) collected from a cow Table 1 . 27 28 Two composting strategies were tested: static system and dynamic turned system. In Table 2 . 37 38 The experiments were carried out using a 30 l insulated vessel conditioned for Water was manually added to the composting mixture when necessary to maintain moisture 47 content in the optimal range for composting (40-60%) (Haug, 1993).
Materials and Methods
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48
Two strategies were used in the composting experiments. Static composting was 49 carried out without homogenization of the composting mass, whereas in dynamic composting Air-filled porosity is expressed as the ratio of gas-filled pore volume of the sample to 7 total sample volume. AFP was measured using a self made constant volume air pycnometer 8 according to the description of Annan and White (1998) and Oppenheimer et al., (1997) with 9 an effective sample chamber volume of 1.65 l and using an initial pressure of 6 bar. AFP 10 determinations were carried out in triplicate. The average value of AFP was calculated. 2.5. Sampling procedure 12 13 For each analyzed sample, a representative sample (2 l) was carefully taken out from 14 the core of the reactor to minimize the possible alterations of the composting mass for AFP 15 determination. After analyzing AFP a mixed sub-sample of approximately 700 ml was used to 16 determine the rest of the parameters studied during the experiments, whereas the remaining 17 sample volume was returned to the reactor. It was assumed that these high sample volumes 18 were representative of the whole composting mass in the reactor.
20
Analytical Methods
22
Fat content was determined by a standard Soxhlet method (U.S. Environmental 
Static Respiration Index
30
Static Respiration Index (SRI) was determined in a static respirometer according to the 
Lipolytic Activity
40
Lipolytic activity was determined using a commercial kit (Roche/Hitachi Lip num representative sample of the composting material using 50 ml of 400 mM tris-HCl buffer with 43 10 mM CaCl 2 (pH 8). Triton X-100 (Panreac, Barcelona, Spain) at 5% (w/w) was added in This extract was used for free LCFA determination by gas chromatography using a Perkin-
10
Elmer AutoSystem XL Gas Chromatograph with a flame ionization detector (FID) and a HP 
13
Different stages can be observed in AFP and moisture content evolution during the 14 process (Fig 1b) . Firstly, AFP increased as moisture decreased due to aeration and high should be noted that it is very difficult to adjust the fat content of the mixture. In any cases, 
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In the dynamic experiment, the composting mass was mixed at the moment of 17 sampling to emulate the homogenization provided by a dynamic composting system.
18
Agglomerates did also appear but were in fewer amount and smaller in size than those formed process reaching a final value of 5.4%, which implies a global fat biodegradation of 92%.
44
Although an important fat content reduction was observed, no lipolytic activity was conditions the values of lipolytic activity were more erratic, which suggested a possible 48 analytical problem, for instance, in the lipase extraction method used for solid samples.
49
Further research is required in order to establish an effective method for enzyme extraction values in those cases to achieve a correct porosity distribution.
39
Finally, it should be highlighted that moisture requirements and leachate generation 40 were lower under dynamic conditions because the formation of agglomerates was avoided.
41
These are important facts in considering the cost and the environmental impacts of the waste The authors wish to thank KAO Corporation for the fat supply. 
